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OLQHDURSHUDWRUVDVIROORZV
ሼሺߟࣾ݁ି௡ఎሻǡ ݉ ൒ Ͳǡ ݊ ൒ Ͳሽǡ ܺሺߟሻ ൌ ܣ଴ǡ଴଴ ൅ σ ሺܣƐǡ௡௠ ߟࣾ݁ି௡ఎሻǡ௡ୀଵ 
ZKHUH; )DQG*ܣ௟ǡ௡௠ LVWKHFRHIILFLHQWWREHGHWHUPLQHG/HW
ܨ଴ሺߟǡ ߦሻ ൌ ͳ െ݁ିఎǡܩ଴ሺߟǡ ߦሻ ൌ ݁ିఎǢܮி ൌ ܨƍƍƍെܨƍǢܮீ ൌ ܩƍƍ െ ܩǤ 
VRDVWRREWDLQDVLPSOHUIRUPRIVROXWLRQDV
ܮிሾ۱ଵ ൅ ۱ଶ݁ఎ ൅ ۱ଷ݁ିఎሿ ൌ ͲǢܮீሾ۱ସ݁ఎ ൅ ۱ହ݁ିఎሿ ൌ Ͳǡ
KHUH&L
VL «DUHDUELWUDU\FRQVWDQWVDQGFDQEHREWDLQHGIURP(T

$IWHUULJRURXVDQDO\VLVZHJHWDV\VWHPRIGLIIHUHQWLDOHTXDWLRQVFDOOHGGHIRUPDWLRQHTXDWLRQVZKLFK
KDYHWREHVROYHGXSWRDGHVLUHGRUGHU

'HIRUPDWLRQ(TXDWLRQV

7RREWDLQWKHDQDO\WLFDOVROXWLRQIRU(TVZKHQߛ א ሾͲǡ ͳሿEHDQHPEHGGLQJSDUDPHWHUDQGܿிܿீEH
DUH WKH FRQYHUJHQFH FRQWURO SDUDPHWHUV 7KHQ WKH QRQOLQHDU RSHUDWRUV DQG ]HURWK DQG ݈ WKRUGHU GHIRUPDWLRQ
HTXDWLRQVWDNHWKHIRUPDVH[SODLQHGLQ>@7KXVߛLQFUHDVHVIURPWRDQGܨሺߟǡ ߦǡ ߛሻǡ ܩሺߟǡ ߦǡ ߛሻYDULHVIURPWKH
LQLWLDOJXHVVܨ଴ሺߟǡ ߦሻDQGܩ଴ሺߟǡ ߦሻWRWKHVROXWLRQܨሺߟǡ ߦሻDQGܩሺߟǡ ߦሻRI(TVDQG UHVSHFWLYHO\6R WKDW WKH
VROXWLRQVHULHVFRQYHUJHVZKHQߛ ൌ ͳDV
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ܨሺߟǡ ߦሻ ൌ ܨ଴ሺߟǡ ߦሻ ൅ σ ሾܨ௟ሺߟǡ ߦሻሿ௟ୀଵ DQGܩሺߟǡ ߦሻ ൌ ܩ଴ሺߟǡ ߦሻ ൅ σ ሾܩ௟ሺߟǡ ߦሻሿ௟ୀଵ 
&OHDUO\WKHJHQHUDOVROXWLRQܨ௟DQGܩ௟LQWHUPVRIVSHFLDOVROXWLRQV ௟݂כDQG݃௟כDUHJLYHQE\
ܨ௟ሺߟǡ ߦሻ ൌ ௟݂כሺߟǡ ߦሻ ൅ ۱ଵ ൅ ۱ଶ݁ఎ ൅ ۱ଷ݁ିఎDQGܩ௟ሺߟǡ ߦሻ ൌ ݃௟כሺߟǡ ߦሻ ൅ ۱ସ݁ఎ ൅ ۱ହ݁ିఎǤ

:H VROYH WKH (T  RQH DIWHU WKH RWKHU LQ WKH RUGHU ݈ ൌ ͳǡ ʹǡ ͵ǡ ǥǥǥ E\ XVLQJ WKH VRIWZDUH
0$7+(0$7,&$7KHVROXWLRQLVDOZD\VUHSUHVHQWHGDVDVHULHVVROXWLRQDVDSRO\QRPLDO,WLVRIWHQWKHFDVHWKDW
WKHH[SUHVVLRQVREWDLQHGIURP+$0DUHWRROHQJWK\DQGFDQQRWEHJLYHQLQDVLQJOHSDJH7KRXJKWKHFRPSXWDWLRQV
KDYH EHHQ SHUIRUPHG XS WR KLJK RUGHU WKH UHVXOWV DUH SUHVHQWHG KHUH IRU WKH YHORFLW\ DQG WHPSHUDWXUH SURILOHV
HYDOXDWHGXSWRWHUPVLQWKHVHULHV

(UURUDQDO\VLVRQKLJKRUGHUV

,QRUGHUWRFKRRVHܿிDQGܿீǡZHKDYHSUHVHQWHGWKH$YHUDJH6TXDUHG5HVLGXDO(UURUV$65(DV>@
۳௑ ൎ ଵƐ σ ൣܰ൫σ ௜ܺሺ݆οݔሻ
Ɛ
௜ୀ଴ ൯൧
ଶǡ௜௝ୀ଴ KHUHοݔ ൌ ͳͲȀƐZKHUHƐ ൌ ʹͷ; )*

)URP (T  WR ILQGܿிDQGܿீYDOXHV DQG REWDLQHG WKHVH YDOXHV DUH XVHG IRU WKH HQWLUH FRPSXWDWLRQV RI
VROXWLRQ 7KH۳௑DW GLIIHUHQW RUGHUV RI DSSUR[LPDWLRQ IRUܨሺߟǡ ߦሻDQGܩሺߟǡ ߦሻSORWWHG LQ )LJ 7KH $65(
GHFUHDVHV UDSLGO\ DQG ZH IRXQG SURSHU YDOXHV RI WKH DX[LOLDU\ SDUDPHWHU DV ܿி ൌ െͳǤ͵ͷͺͶͳDQGܿீ ൌ
െͲǤͶͺͻ͵͵  ,QDOORI WKHILJXUHVDQG WDEOHVVHOHFW WKHSDUDPHWHUV3U ݊ ൌ ߦ ൌ ͳDQGܤ ൌ േͳǡ ܴ ൌ ߛ ൌ ͳǡ
ߪ ൌ ͲǤʹͷDQGοൌ ͳXQOHVVLWLVPHQWLRQHGRWKHUZLVH

7DEOH&RPSDULVRQZLWK>@UHVXOWVIRUܨƍƍሺͲǡ ߦሻെܩƍሺͲǡ ߦሻ
ZKHQܤ ൌ ݊ ൌ ͳǡ ߛ ൌ οൌ ܴ ൌ ͲDQG ൌ ͲǤ͹Ǥ

ߪߦܨƍƍሺͲǡ ߦሻ
3UHVHQW

ܨƍƍሺͲǡ ߦሻ െ ܩƍሺͲǡ ߦሻ
>@3UHVHQW

െܩƍሺͲǡ ߦሻ
>@
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


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
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

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


7DEOH&RPSDULVRQZLWK>@UHVXOWVIRUܨƍƍሺͲǡ ߦሻെܩƍሺͲǡ ߦሻ
ZKHQܤ ൌ െͳǡ  ൌ ͳǡ ൌ ͲǤ͹DQGܴ ൌοൌ Ͳ

ߛߦܨƍƍሺͲǡ ߦሻ
3UHVHQW

ܨƍƍሺͲǡ ߦሻ െ ܩƍሺͲǡ ߦሻ
>@3UHVHQW
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
)LJ$YHUDJHVTXDUHGUHVLGXDOHUURUVDW
GLIIHUHQWRUGHURIDSSUR[LPDWLRQV
 
)LJ,QIOXHQFHRIߦRQܨƍሺߟǡ ߦሻ

 
)LJ,QIOXHQFHRIߦRQܩሺߟǡ ߦሻǤ
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 

)LJ,QIOXHQFHRIܴRQܨƍሺߟǡ ߦሻǤ

 
)LJ,QIOXHQFHRIܴRQܩሺߟǡ ߦሻ
 

)LJ,QIOXHQFHRIܤRQܨƍƍሺͲǡ ߦሻ


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 
)LJ,QIOXHQFHRIܤRQെܩƍሺͲǡ ߦሻ

5HVXOWVDQGGLVFXVVLRQ

7KHH[SUHVVLRQVIRU)DQG*DUHHYDOXDWHGXSWRWKRUGHUWRNHHSWKHUHVXOWVXSWRILIWKGHFLPDOSODFHV
DFFXUDF\  :H KDYH VWXGLHG WKH LQIOXHQFH RI GLIIHUHQW SDUDPHWHUV VXFK DV %XR\DQF\ SDUDPHWHU % ILUVW RUGHU
UHVLVWDQFHSDUDPHWHUߛVHFRQGRUGHUUHVLVWDQFHSDUDPHWHUοUDGLDWLRQSDUDPHWHUܴYLVFRVLW\SDUDPHWHUߪXQVWHDG\
SDUDPHWHUߦDQG3UDQGWOQXPEHU3URQWKHIORZWHPSHUDWXUHDQGYHORFLW\SURILOHVDVZHOODVRQWKHKHDWWUDQVIHUDQG
VKHDUVWUHVVUDWHV

7KH VSHFLDO FDVHV RI RXU UHVXOWV IURPDQDO\WLFDO VROXWLRQVXVLQJ+$0DUH FRPSDUHGZLWK WKH DYDLODEOH
QXPHULFDO UHVXOWV IURP WKH OLWHUDWXUH  7DEOH  DQG 7DEOH  VKRZ WKH FRPSDULVRQ RI WKH YDOXHV RI ܨƍƍሺͲǡ ߦሻDQG
െܩƍሺͲǡ ߦሻZLWK WKRVH RI >@ DQG IRXQG WKHP WR EH LQ YHU\ JRRG DJUHHPHQW $OVRZKHQZH SXWܤ ൌ ͳǡ οൌ ܴ ൌ
Ͳǡ  ൌ ͲǤ͹DQG ݊ ൌ ͳLQRXUUHVXOWV WKH VKHDUVWUHVV UDWHV LQFUHDVHVZLWK WKH LQFUHDVHRIߪDQGߦDQGRSSRVLWH
HIIHFWVLVVHHQLQWKHKHDWWUDQVIHU )XUWKHUPRUHVKHDUVWUHVVDQGKHDWWUDQVIHULQFUHDVHVDV ILUVWRUGHUUHVLVWDQFHߛ
LQFUHDVHZKHQܤ ൌ െͳǡWKLVLVLQDFFRUGDQFHZLWKWKHUHVXOWVSUHVHQWHGLQ7DEOHV+HQFHWKHEXR\DQF\DVVLVWLQJ
IORZKDYHKLJKHUYDOXHVRIKHDWWUDQVIHUDQGVXUIDFHVKHDUVWUHVVUDWHVWKDQEXR\DQF\RSSRVLQJIORZ

*UDSKLFDO LOOXVWUDWLRQ RI WKH UHVXOWV LV YHU\ KHOSIXO DQG LQ RUGHU WR GHSLFW WKH LQIOXHQFH RI GLIIHUHQW
SDUDPHWHUVDUHVKRZQLQWKH)LJV7KH)LJVVKRZWKHHIIHFWVRIYHORFLW\DQGWHPSHUDWXUHSURILOHVDQG)LJV
SUHVHQWWKHHIIHFWRIYDULRXVVWXG\SDUDPHWHUVRQWKHܨƍƍሺͲǡ ߦሻDQGെܩƍሺͲǡ ߦሻ +HUHWKHYHORFLW\LQFUHDVHVDQG
WHPSHUDWXUHGHFUHDVHVZLWKLQFUHDVLQJWKHXQVWHDG\SDUDPHWHUߦ

7KHQRQGLPHQVLRQDOYHORFLW\ܨƍሺߟǡ ߦሻDQGWKHWHPSHUDWXUHܩሺߟǡ ߦሻLQVLGHWKHERXQGDU\OD\HUDUHSORWWHG
LQWKH)LJDQG)LJZLWKYDU\LQJWKHUPDOUDGLDWLRQSDUDPHWHU5DQGIL[HGSDUDPHWULFYDOXHVߦ ൌ ߛ ൌ ͳǡܤ ൌ െͳ
DQGߪ ൌ ͲǤʹͷǤ,WFDQEHVHHQIURP)LJWKDWDQLQFUHDVHLQWKHYDOXHRIWKHUDGLDWLRQSDUDPHWHUGHFUHDVHVWKHIOXLG
YHORFLW\7KH WHPSHUDWXUHRI WKH IOXLG LV GHFUHDVHGE\ LQFUHDVLQJ WKHYDOXHVRI WKHUPDO UDGLDWLRQSDUDPHWHU  ,W LV
REVHUYHGWKDWWKHIORZVHSDUDWLRQGHSHQGVRQWKHYDOXHRIWKHILUVWRUGHUDQGVHFRQGRUGHUUHVLVWDQFHSDUDPHWHUVDQG
WKHLQHUWLDOHIIHFWVGHOD\WKHIORZVHSDUDWLRQ

:HKDYHFRPSDUHG WKH VXUIDFH VKHDU VWUHVVܨƍƍሺͲǡ ߦሻDQG WKHKHDW WUDQVIHUെܩƍሺͲǡ ߦሻIRU VRPHYDOXHVRI
οDQG5ZLWKWKDWRI>@DVVKRZQLQ)LJVDQG7KLVGHPRQVWUDWHVWKHIDFWWKDWWKHUHLVQRHIIHFWRQWKHKHDW
WUDQVIHUDWWKHVWDUWRIPRWLRQߦ ൌ Ͳሻ,WFDQEHDOVRREVHUYHGWKDWWKHVKHDUVWUHVVUDWHLQFUHDVHVDVοDQGܴLQFUHDVH
ZLWKܤIRUEXR\DQF\DVVLVWLQJIORZܤ ൌ ͳEXWWKHRSSRVLWHWUHQGLVVHHQIRUWKHEXR\DQF\RSSRVLQJIORZܤ ൌ െͳ
IRU LQFUHDVLQJ WKH WKHUPDO UDGLDWLRQ SDUDPHWHUܴRQO\  $OVRZH IRXQG WKDW WKH KHDW WUDQVIHU UDWH GHFUHDVHVZLWK
LQFUHDVLQJܴDQGοIRUܤ ൌ േͳ  7KHUHIRUH LW FDQ EH FRQFOXGHG WKDW WKH GHYHORSHG FRGH FDQ EH XVHG ZLWK JUHDW
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FRQILGHQFHWRVWXG\WKHSUREOHPGLVFXVVHGLQWKLVSDSHU

&RQFOXVLRQV

:H VWXG\ WKHPL[HG FRQYHFWLRQ IORZ QHDU WKH VWDJQDWLRQ UHJLRQ RI D YHUWLFDO SODWH HPEHGGHG LQ D IOXLG
VDWXUDWHGSRURXVPHGLXPZLWKHIIHFWRIEXR\DQF\IRUFHVDQGWKHUPDOUDGLDWLRQ$QDSSUR[LPDWHDQDO\WLFDOVROXWLRQ
XVLQJ+RPRWRS\WHFKQLTXHLVREWDLQHGIRUWKHIORZYHORFLW\DQGWHPSHUDWXUHERXQGDU\OD\HUHTXDWLRQV7KHSK\VLFDO
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